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Description 

This Invention relates to electrostatic spray- 
ing, and particularly but not exclusively to the 
electrostatic spraying of agrochemicals, for 
example herbicides, insecticides and fungi- 
cides. 

In our U.K. Patent No. 1 569707, we have de- 
scribed an apparatus for the electrostatic spray- 
ing of liquids. This apparatus is of simple con- 
struction with a lower power requirement (it has 
no moving parts and can readily be run off dry 
ceils); it is thus particularly suited for use as a 
hand held sprayer where large power sources 
are not readily available, e.g. in spraying crops. 
Electrostatic spraying of crops also has advan- 
tages in promoting even coating of plants with 
spray being attracted round behind foliage in- 
stead of coating only exposed surfaces; and In 
reducing spray drift, which is at best wasteful 
and at worse hazardous to the environment. 
Thus, although particularly suited for use as a 
hand held sprayer, the apparatus of U.K. Patent 
1569707 may also usefully be mounted on 
vehicles such as tractors or aircraft, for the more 
convenient spraying of large quantities of liquid. 

The apparatus disclosed in U.K. Patent No. 
1569707 comprises essentially a discharge 
nozzle; an electrode disposed around the nozzle; 
a reservoir for supplying liquid to be sprayed 
to the nozzle; and a high voltage generator 
for applying a high voltage to the nozzle, 
the electrode being earthed. In this way, a 
strong electrical field may be produced be- 
tween the nozzle and the electrode, sufficient to 
atomise liquid passing through the nozzle. 

The device shown in U.K. Patent No. 
1 569707 delivers liquid to the spray-nozzle by 
gravity feed. This works well for applying small 
volumes of spray liquid from a hand held device 
(the apparatus is particularly well adapted for 
ultra-tow volume spraying) but is less con- 
venient where larger volumes have to be 
applied. Even with a hand held device, it is on 
occasion inconvenient to be obliged to hold 
the sprayer always in a position in which gravity 
can supply liquid to the nozzle; this can make it 
difficult for example, to direct spray upwards. A 
more positive method of feeding liquid is thus 
desired. 

Clearly, liquid may be fed to the sprayhead by 
means of mechanical pumps, operated either by 
hand of electrically. However, a hand operated 
pump tends to cause pressure fluctuations at 
the spray nozzle, with consequent irregularities 
In spray charging and deposition. Furthermore, 
it Is hard work for the operator, who is perhaps 
already carrying a heavy spray tank on his back 
in a hot climate. Electrically-powered mechani- 
cal pumps need significantly more electrical 
energy than the most efficient electrostatic 
sprayers, and having moving parts are Inher- 
ently likely to occasional breakdown. 

FR — A — 1223451 disclosed spraying ap- 
paratus having electrodes for charging the 



spray particles after they have been formed at a 
sprayhead. Such an arrangement does not pro- 
duce a significant pumping effect 

We have now devised an electrostatic spray- 

9 ing system which at least partially overcomes 
the difficulties outlined above. 

According to the present invention we pro- 
vide an electrostatic sprayer comprising a spray- 
head at which spray liquid is electrically charged 

ro and atomised and an electrically insulating con- 
duit for conveying liquid to the sprayhead, an 
ion discharge electrode downsteam of an ion in- 
jection electrode, and means to provide a poten- 
tial difference between the two electrodes all 

15 of which features are known from FR — A — 
1223451, but the invention is characterised in 
that both electrodes are mounted In the con- 
duit upstream of the sprayhead and are im- 
mersed in non-atomised spray liquid in use, and 

zo in that said potential difference is sufficient to 
produce hydrostatic pressure for conveying 
liquid in the conduit to the sprayhead. It is 
preferred that the sprayhead is of the kind com- 
prising a nozzle which at least partly electrically 

25 conductive with a field-Intensifying electrode 
adjacent thereto, with means for applying a high 
potential to the nozzle and for earthing the elec- 
trode. 

Throughout this specification, the term "con- 
30 ductive" includes semi-conductive. 

Voltages applied between the electrodes 
may conveniently be of the order of 10 — 25 
kilovolts, though higher (e.g. 30 kllovoits) and 
lower (e.g. down to about 1 kilovolt) voltages 
35 may be used in certain circumstances. 

The ion discharge electrode may be, or form 
part of, the sprayhead, or may be separate from 
it 

The gap between the ion injection electrode 
40 and the ion discharge electrode should be as 
short as possible consistent with avoiding arc- 
ing. The pressure obtainable from the pump is in 
general greater the smaller this distance. Thus, 
working with a highly resistive hydrocarbon 
45 liquid and a voltage of 25 KV, a gap of 1 milli- 
metre gave a head of 35 cm of liquid, 1 .5 milli- 
metres a head of 15 cm of liquid and 3 milli- 
metres a head of 5 cm of liquid. Arcing how- 
ever interferes seriously with operation of the 
so pump and once begun tends to be repeated. 

Specific embodiments of the invention will 
now be described with reference to the draw- 
ings, in which: 

Figure 1 is a vertical section through a reser- 
66 voir and spraylines for use in the invention. 

Figure 2 is a diagrammatic representation of 
a sprayline and sprayhead according to the 
invention. 

Figure 3 is a diagrammatic representation of 
so a second sprayline and sprayhead according to 
the invention. 

Figure 4 is a diagrammatic representation of 
a third sprayline and sprayhead according to the 
invention. 

65. The first embodiment shown In Figures 1 
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and 2, is a sprayer of the type comprising a 
spray reservoir 10, adapted to be carried on the 
back (a "knapsack sprayer') which feeds a 
sprayhead 1 1 carried on a sprayline 1 2 via a 
flexible conduit 1 6. Referring in more detail to 
Figure 1, the reservoir 10 is mounted via a 
screw fitting 14 to a coupling 15. The coupling 

1 5 comprises a flexible tube 1 6, one end 1 7 of 
which extends to the base of the reservoir 10, 
and the other leads to the lance 1 2 via a tap 1 8. 
The coupling 1 5 also has an air vent 1 9, com- 
prising a tube 20 having two non-return spring- 
biassed ball valves 21 and 22 leading to the 
atmosphere at 23. Between the two valves 21 
and 22 the tube 20 communicates with a 
resilient closed rubber bulb 24. The flexible tube 

16 joins the spray-lance 12, leading to a rigid 
insulating conduit 25 of plastics material (poly- 
propylene). At the head of the conduit 25 is the 
sprayhead 11, consisting of an annular metal 
nozzle 27, the diameter of the annulus being 
about 10 mm and annular gap about 0.5 mm. 
Around and slightly forward of the nozzle 27 is a 
metal ring 28 about 50 mm in diameter. In the 
wall of the conduit 26 is a needle electrode 29; 
and about 2 mm from it, downstream towards 
the sprayhead 1 1 , Is a discharge electrode 30 In 
the form of a metal annulus round the inside of 
the conduit 25. A variable high voltage gene- 
rator 31 (Part number 233P, 0 — 20 kilovolts, 
200 microamp module, as produced by 
Brandenburg Limited), powered by flashlight 
batteries is mounted on the spray-lance 12. One 
output terminal is connected to earth 32 (a trail- 
ing metal wire); the other is connected to the 
needle electrode 29, and to the nozzle 27. The 
discharge electrode 30 and the metal ring 28 
are both earthed. 

In operation, the reservoir 10 is filled with 
spray liquid (comprising a 5% solution of an in- 
secticide In a liquid aromatic hydrocarbon), 
screwed on the coupling 15 and the tap 18 
opened. The sprayer is then primed by squeez- 
ing the rubber bulb 24 gently, forcing air into 
the reservoir 10, until spray liquid begins to 
emerge from the nozzle 27. The generator 31 is 
then turned on. This generates a powerful elec- 
trostatic field between the charged nozzle 27 
and the earthed ring 28 functioning as field in- 
tensifying electrode; and liquid emerging from 
the nozzle is charged and atomised by this field 
and projected outwards as a fine spray of 
charged particles. At the same time, the needle 
electrode 29 discharges ions into the spray 
liquid. These ions are repelled from the elec- 
trode 29 and attracted towards the earthed dis- 
charge electrode 30; they therefore move to the 
electrode 30 to be discharged, pulling the liquid 
along with them. This creates sufficient pres- 
sure to withdraw spray liquid from the reservoir 
10 and convey it to the sprayhead 11. 

A second embodiment of the invention, 
having no separate discharge electrode, is illus- 
trated in Figures 1 and 3. The reservoir 10 and 
tube 1 6 in this embodiment are connected via a 



tap to a tube 41 in a lance 42, terminating in a 
sprayhead 43 comprising a metal nozzle 44 and 
a metal ring 45 of the kind described in con- 
nection with Rgure 2. These Is a needle elec- 

s trode 46 as before, but this is placed much 
closer to the metal nozzle 44 and. there is no 
separate discharge electrode. The high voltage 
generator 47 (of the same type as before) has 
an output terminal connected to the nozzle 44, 

io the other being connected to earth 48; the 
needle electrode 46 and the metal ring 45 are 
both earthed. 

The device is operated in the same way as 
the first embodiment When the high voltage 

is generator 47 is turned on, the charge on the 
metal nozzle 44 induces a charge of opposite 
sign on the earthed needle electrode 46, and 
this injects ions into the liquid. These are 
attracted to the nozzle 44, where they are dis- 

20 charged, the spray liquid is charged by contact 
in the opposite sense, and sprayed as before. 
Generally however, the pressures and flow-rates 
obtainable are not so high as when a high 
potential is applied directly to the ion injection 

25 electrode. 

Various modifications to the above apparatus 
will be apparent to those skilled in the art. For 
example, the device, instead of being hand held, 
may be mounted on a tractor, train or aircraft. 

30 The ion injection electrode, instead of being in 
the form of a needle, may have a sharp edge (for 
example, like the edge of a razor blade), or may 
take the form of a fine wire. The discharge elec- 
trode may be, for example, in the form of a 

35 coarse metal gauze across the conduit or a 
metal tube of lesser diameter than the conduit 
disposed coaxially within the conduit. If desired, 
both electrodes may be of the same form, e.g. 
shapr or pointed, though this Is much less ef- 

40 ficient In such cases, ions will be injected into 
the liquid at both electrodes, and discharged at 
both electrodes; the resulting pressure may de- 
pend on one electrode being a more efficient ion 
injector than the other, or on a different type of 

45 ion being formed at each electrode. The shape 
of the conduit between the two electrodes may 
affect the pump performance. We have found 
that it is sometimes advantageous to reduce 
the cross-section of the conduit from the injec- 

50 tion electrode to the discharge electrode, either 
gradually or sharply. This can increase the 
pumping effect The earth need not be a trailing 
metal wire, which can become entangled or trip 
people up; it may be through the operator. A 

S6 strip of conductive material on the lance which 
the operator holds will provide a pathway to 
earth which, though of high resistance, is often 
sufficient for the purpose of the Invention. 
Containers for use with the device may be of 

so the type described in GB — A — 2030060 and 
2061769 and incorporating electrical connec- 
tions necessary to complete the electrical cir- 
cuitry, as a precaution against misuse or bat- 
tery waste. Such containers may comprise the 

6$ electrical energy source (e.g. dry cells) to power 



5 



0029 301 



6 



the high voltage generator. 

Devices of the type described do not work 
well with highly conductive or highly resistive 
liquids. To spray satisfactorily from the devices 
illustrated, a liquid resistivity of about 10 e — 
10" ohm centimetres (at 20°C) is generally 
preferred. The pumping mechanism works bet- 
ter however, the higher the resistivity of the liquid; 
at lower resistivities, perhaps because electron 
transfer at least partially replaces physical 
movement of ions, the pumping effect is re- 
duced proportionately. At resistivities below 
about 10 8 ohm centimetres, it is difficult to ob- 
tain a consistent pumping effect; for this rea- 
son, it Is convenient to use liquids having a 
resistivity of about 10 9 ohms, since these both 
pump and spray most satisfactorily. Liquids 
should not be too mobile or too viscous. 

If it is required to generate a higher operat- 
ing pressure without unduly increasing the volt- 
age, more than one pair (for example, two to ten 
pairs) of ion injection and discharge electrodes 
may be used in series. 

A further embodiment of the invention, with 
10 pairs of injection electrodes 51 and dis- 
charge electrodes 52 mounted in a tube 53, is 
illustrated in Figure 4. Here the arrangement of 
nozzle 27, generator 31 , etc. is just as shown in 
Figure 2. The tube 53 is 3 mm in diameter. 
Using the* arrangement shown in Figure 4 to 
spray hydrocarbon liquid of resistivity about 10 9 
ohm centimetres, with applied voltages in the 
range 10 — 25 kilovolts, a flow rate of about 1 
mi/second up a vertical rise of 1 to 2 metres 
may be obtained 

The ion pump partially compensates for 
pressure variations in liquid delivered to it, 
thereby exerting a smoothing effect on the flow 
rate of liquid emerging from it. If desired, this 
smoothing effect may be accentuated still 
further by suitable feedback, e.g. pressure or 
flow rate sensing means downsteam of the 
pump linked to the voltage supply to the pump 
electrodes, and arranged to increase the volt- 
age in response to a decrease in pressure or 
flow rate, and vice versa. 

Claims 

1. An electrostatic sprayer comprising a 
sprayhead (11) at which spray liquid is electri- 
cally charged and atomised and an electrically 
insulating conduit (16) for conveying liquid to 
the sprayhead (11), an Ion discharge electrode 
(30) downstream of an ion injection electrode 
(29), and means (31) to provide a potential dif- 
ference between the two electrodes (30, 29) 
characterised in that both electrodes (30, 29) 
are mounted in the conduit upstream of the 
sprayhead (11) and are immersed in non- 
atomised spray liquid in use, and in that said 
potential difference is sufficient to produce 
hydrostatic pressure for conveying liquid in the 
conduit (16) to the sprayhead (11). 

2. A sprayer as claimed in claim 1 , compris- 



ing a nozzle (27) which is at least partly electri- 
cally conductive with a field intensifying elec- 
trode (28) adjacent thereto, with means for 
applying a high potential to the nozzle and 
5 means (32) for earthing the electrode. 

3. A sprayer as claimed in either of claims 1 
or 2, which comprises more than one pair of ion 
injection (51) and ion discharge (52) elec- 
trodes, in series. 

w 

Patentanspruche 

1. Elektrostatisches Spritzgerat mit elnem 
Spritzkopf (11), bei welchem Spritzflussigkeit 

15 elektrisch aufgeladen und zerstaubt wird, sowie 
mit einem elektrisch isolierenden Rohr (25) fur 
den Transport der Flussigkeit zum Spritzkopf 
(11), einer Elektrode (30) zum Entladen von 
lonen stromab einer lonen abgebenden Elek- 

20 trade (29) und einer Einrichtung (31), die eine 
Potentialdifferenz zwischen den belden Elek- 
troden (30, 29) hervorruft, dadurch gekenn- 
zeichnet, daB die beiden Elektroden (30, 29) im 
Rohr stromauf des Spritzkopfes (11) angeord- 

25 net sind und wahrend des Betriebes In unzer- 
staubte Spritzflussigkeit eintauchen und daS die 
Potentialdifferenz ausreicht, um einen hydro- 
statfschen Druck fur den Transport der Flussig- 
keit im Rohr (25) zum Spritzkopf (1 1) zu erzeu- 

30 gen. 

2. Spritzgerat nach Anspruch 1, gekenn- 
zeichnet durch eine Duse (27), die zumindest 
teilweise elektrisch leitend ist, eine in der Nahe 
der Duse (27) angeordnete Elektrode (28) zur 

3 6 VerstSrkung des elektrischen Feldes, eine Ein- 
richtung (31) zum Anlegen einer Hochspan- 
nung an die DQse (27) und eine Einrichtung (32) 
zum Erden der Elektrode (28). 

3. Spritzgerat nach einem der Anspruche 1 
4 0 oder 2, dadurch gekennzeichnet, daS mehr als 

ein Paar von lonen abgebenden (51) und lonen 
entladenden (52) Elektroden in Reihe vorhan- 
den 1st. 

45 Revendications 

1. Pulverisateur electrostatique comprenant 
une t§te (1 1) de pulverisation dans laquelle un 
llquide de pulverisation est charge eiectrique- 

50 ment et atomise, et un conduit eiectriquement 
isolant (16) destine d transporter le liquids 
jusqu'£ la t§te (11) de pulverisation, une elec- 
trode (30) de ddcharge dlons en aval d'une elec- 
trode (29) dlnjection d'ions, et des moyens (31 ) 

55 destines d produire une difference de potential 
entre les deux electrodes (30, 29), caracterise 
en ce que les deux electrodes (30, 29) sont 
montees dans le conduit en amont de la tete 
(11) de pulverisation et sont immerg6s, en 

oo utilisation, dans un llquide pulverisation non 
atomise, et en ce que ladite difference de poten- 
tiel est suffisante pour produire une pression 
hydrostatique pour faire circuler le liquide dans 
le conduit (1 6) jusqu'd la tite (1 1 de pulv6risa- 

55 tion. 
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2. Pulvgrisateur selon la revendication 1, 
comprenant une buse (27) qui est au mofns en 
partie 61ectriquement conductrice et d proxi- 
mity immediate de laquelle se trouve une Elec- 
trode renforcatrice do champ {28), des moyens s 
6tant destines k appliquer un potentiel §iev§ d la 
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buse et des moyens (32) 6tant destines d mettre 
I'Slectrode d la terre. 

3. Pulv&isateur selon Tune des revendica- 
tions 1 ou 2, qui comprend plus d'une paire 
d'6lectrodes (51) d'injection d'ions et (52) de 
d6charge d'ions, en s6rie. 
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